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Most traumatic macular holes (MH) result from closed-globe contusion injuries \[[@B1], [@B2], [@B3], [@B4]\]. Patients with traumatic MH probably should be observed for 4--6 months rather than surgically repaired, which was advocated because of the possibility of spontaneous closure \[[@B5], [@B6], [@B7], [@B8], [@B9]\]. Vitrectomy surgery appears to be a highly successful surgical procedure to close MH and improve vision in eyes with traumatic MH \[[@B4], [@B10]\].

In some cases, after removal of intraocular foreign body (IOFB), retinal folds radiating from the retinal impact sites may be noted \[[@B11], [@B12]\]. We present a child with a penetrating injury with a MH and retinal folds radiating from the retinal perforation site in which the patient had undergone vitrectomy surgery and internal limiting membrane (ILM) peeling.

Case Report {#sec1_2}
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An 8-year-old active boy suffered a penetrating injury to his right eye by a sparkler when playing with his friends. He was immediately sent to our hospital, and an ocular examination revealed a small peripheral full-thickness corneal perforation, an inferior iris perforation associated with mind peripheral lens opacity, and vitreous hemorrhage. A temporal retinal perforation with an adherent blood clot about 4-disc diameter (DD) from the fovea was noted during immediate primary repair of the corneal perforation and prophylactic intravitreal antibiotics (vancomycin 1.0 mg, amikacin 0.4 mg, and dexamethasone 0.4 mg) injection. Six weeks after the initial surgery, a MH and retinal folds radiating from the penetrating site of the retina were noted by indirect ophthalmoscope and optical coherence tomography examination (fig. [1](#F1){ref-type="fig"}). The best corrected visual acuity was 20/60 in his right eye and 20/20 in the left eye, respectively.

The patient underwent a standard pars plana vitrectomy under general anesthesia about 2 months after the injury. The MH and retinal folds still existed during core vitrectomy. The remaining cortical vitreous was aspirated by active aspiration to create a posterior hyaloid detachment. After removal of the sheet-like posterior hyaloid membrane and the remaining cortical vitreous, 0.1 ml of indocyanine green at a concentration of 2.5 mg/ml was injected in the temporal macular region without direct staining of the hole. The indocyanine green was immediately removed from the vitreous cavity with a vitreous cutter. A bent 25-gauge needle was used to create a small temporal incision 2 DD from the fovea. ILM peeling was then performed in the area around the macula (2 DD), and the eye was filled with a 16% C~3~F~8~ mixture. The retinal folds still existed after posterior hyaloid detachment and disappeared concurrently within the area of ILM peeling.

Before the vitrectomy surgery, the importance of a postoperative face-down position was explained to the patient and his mother who would attend him after the surgery. In order that the face-down position was maintained for 2 weeks, we kept encouraging and reminding them postoperatively. The patient revealed excellent compliance thanks to good family support. Occlusion therapy with the most accurate optical correction was carried out after absorption of the intraocular gas. The MH hole was closed within 2 weeks after the vitrectomy surgery and remained closed 1 year postoperatively with a best corrected visual acuity of 20/25 in the right eye (fig. [2](#F2){ref-type="fig"}). Continuous occlusion therapy was advised to the patient until the age of 10.

Discussion {#sec1_3}
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Eyeball trauma is one of the major causative factors of secondary MH. Most traumatic MH result from closed-globe contusion injuries \[[@B1], [@B2], [@B3], [@B4]\]. However, their formation secondary to a penetrating or perforating injury has not been well documented in the literature. Blunt trauma causes acute anteroposterior compression of the globe, which leads to a lateral expansion of the equator area. This change may damage and tear the retina, resulting in a tear in the fovea \[[@B13]\]. Another theory proposed that a macular cyst caused by blunt trauma can develop into a MH, as a macular cyst not seen immediately after trauma can later develop into a MH in the same eye \[[@B8]\]. In our case, no MH was noted immediately after the trauma and no vitreous traction or operculum was detected in the optical coherence tomography image. No spontaneous posterior hyaloid detachment was noted during the vitrectomy surgery. Therefore, the MH may be caused by a macular cyst or probable traction from the retinal folds.

A spontaneous closure of the traumatic MH is not uncommon \[[@B7], [@B8]\]; the anatomical result after vitrectomy surgery is also favorable in comparison with idiopathic MH in aged people \[[@B4], [@B10]\]. Traumatic MH should be observed for 4--6 months rather than surgically repaired, which was advocated because of the possibility of a spontaneous closure \[[@B5], [@B6], [@B7], [@B8], [@B9]\]. In some cases of traumatic MH, bridging of neuroretinal tissue, mimicking a foveal retinal detachment, and flattening of the foveal detachment with restoration of foveal depression could be noted during the spontaneous closure process \[[@B7], [@B9]\]. The patient\'s young age, the potentially high activity of the glial cell proliferation and the relatively small MH size might have been associated with the spontaneous closure process \[[@B5], [@B6], [@B8], [@B9]\]. In our case, we suspected that the MH would not have closed without surgery because the traction of the retinal folds might have prevented the closing of the MH and interfered with its healing process to a normal retinal appearance.

In open globe injury, proliferation along the vitreous gel in the wound site with membrane formation and contraction of these membranes results in traction and rhegmatogenous retinal detachment. Our case is more similar to cases with IOFB impacted or embedded in the retina rather than cases with severe open globe injury. In cases with IOFB, the retinal striae radiating from the retinal impacting sites with epiretinal membranes may be noted even after vitrectomy surgery \[[@B11], [@B12]\]. It is not possible to resolve the retinal folds by creating only a posterior vitreous detachment, but ILM peeling is also necessary \[[@B14]\]. In our case, the extensive retinal folds radiating from the impact site may be mainly due the traction of the ILM during the healing of the chorioretinal wound. In fact, the folds disappeared concurrently within the area of ILM peeling during surgery.

Postoperative face-down position is important in patients who have received vitrectomy and intraocular gas tamponade for closing the MH. It is difficult for a child to maintain a face-down position postoperatively. The use of silicone oil is advocated in children who need long-term intraocular tamponade after a vitreoretinal surgery. However, additional surgery for silicone oil removal is necessary. In our case, the 8-year-old child revealed an excellent compliance with the face-down position thanks to good family support and our encouragement. Unilateral pediatric MHs may be amblyogenic; therefore, the timing of surgery should be based on the patient\'s age, duration of the hole, and potential for spontaneous closure \[[@B15]\]. In general, amblyopia does not recur after the age of 9 or 10 years. Occlusion therapy may also be beneficial for older children. We did not know if the spontaneous closure of MH would happen in our case. We attempted to close the MH with surgery and occlude the unaffected eye with the most accurate optical correction for this older child in whom the possibility of an amblyopia existed.

We presented a child with a penetrating injury with a MH and retinal folds radiating from the retinal perforation site. After vitrectomy surgery, including ILM peeling and sequential occlusion therapy, both anatomical and functional improvement were obtained.
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![Color photograph and optical coherence tomography (OCT) image of the right eye 6 weeks after the penetrating injury. **a** A MH and retinal folds radiating from the penetrating site were noted. **b** In the horizontal section of the OCT scan, a full-thickness MH associated with cystic changes was detected. The inner retinal surface is wrinkled and shows no epiretinal membranes.](cop0002-0078-f01){#F1}

![Color photograph and OCT image of the right eye 6 months after vitrectomy. **a** The MH is closed and retinal folds have disappeared within the area of ILM peeling. **b** In the horizontal section of the OCT scan, the MH is closed and shows a smooth inner retinal surface.](cop0002-0078-f02){#F2}
